Akebia quinata DECAISENE (Lardizabalaceae) is a creeping woody vine which is widely distributed in East Asia. Its dried stems have been traditionally used as an antiphlogistic, a diuretic and an analgesic.
Quetin-Leclercq et al. 4) reported that hederagenin monodesmosides are toxic to tumor cell lines whereas bisdesmosides are inactive in the same cell lines. We previously reported that the disaccharides of hederagenin 3-O-glycosides isolated from Kalopanax pictus NAKAI play an important role in this cytotoxic action, but that hederagenin 3-O-arabinoside (d-hederin), a monosaccharide, has no cytotoxic effect. 5, 6) In addition, though hederagenin 3-O-arabinoside and hederagenin 3-O-[glucosyl (1→4)-arabinoside] are not cytotoxic, 7) echinocystic acid 3-O-glucuronic acid has mild cytotoxicity. 8) Saponins may be hydrolyzed in the gastrointestinal tract by human intestinal bacteria when orally administered. 9, 10) In addition, these reports suggest that the kinds or type of linkage between the sugar and the saponin is of pivotal importance in terms of cytotoxicity. The cytotoxicities of the oleanane disaccharides with 1→2 or 1→4 linkage are known. However, those of hederagenin disaccharides with 1→3 linkage have not been compared with saponins which have other types of linkage. Elucidation of the cytotoxicities of these saponin types should enable us to better understand biological saponins, since the first sugar arabinose, a pentopyranose, can only attach sugars at the OHs 1, 2, 3 and 4 positions.
Therefore, we attempted to establish the full structure-cytotoxicity relationship of hederagenin 3-O-disaccharides by isolating saponins with 1→3 sugar linkages from A. quinata. We also assayed NO inhibitory activity in lipopolysaccharide (LPS)-induced macrophage 264.7 cells, since saponins often have anti-inflammatory effects.
MATERIALS AND METHODS

General Experimental Procedures
Melting points were determined on a Yanagimoto micromelting point apparatus. Optical rotations were measured on a JASCO DIP-360 digital polarimeter at 25°C. IR spectra were recorded on a Hitachi 260-01 spectrometer from KBr disks. EI-mass spectra (ionization voltage, 70 eV) were measured using a Finnigan Mat TSQ-700 mass spectrometer. C-NMR spectra were recorded using a Brucker AMX-500 spectrometer, with TMS as an internal standard.
Plant Material The creeping stems of A. quinata were collected in September 2001, on Chiak Mountain, Kangwon Province, Korea, and identified by Prof. G. T. Kim (Division of Applied Plant Sciences, Sangji University, Wonju, Korea). A voucher specimen (# natchem-22) has been deposited at the herbarium of Applied Plant Sciences, Sangji University, Wonju, Korea.
Extraction and Fractionation The air-dried creeping stems (4 kg) of A. quinata were cut and extracted three times with MeOH under reflux at 40°C. The obtained MeOH solution was evaporated under reduced pressure to give a viscous mass (400 g), which was then partitioned in distilled water (1 l) and CHCl 3 (2.1 l) solution, and then further extracted with BuOH (2.1 l) solution.
Acid Hydrolysis and Isolation of the BuOH-Soluble Fraction The BuOH-soluble fraction (15 g) was hydrolyzed in 5%-HCl MeOH/H 2 O (ϭ2 : 8, 200 ml) under reflux for 4 h. After cooling, the reaction mixture was neutralized with diluted NaOH solution and extracted with ethyl acetate (EtOAc, 800 ml). The EtOAC soluble fraction (5 g) was washed with distilled water and chromatographed on a silica gel (480-580 mesh, Merck, Art 7734, Germany) column using CHCl 3 -MeOH-H 2 O (90 : 7 : 1, lower phase, 1 l), to produce four sub-fractions (AqH-1-4). Repeated column chromatography of AqH2 (1 g, 190-280 ml) and 3 (800 mg, 300-370 ml) under the same condition (silica gel, 
Isolation of Compounds 3-7
The BuOH-soluble fraction (30 g) was loaded onto a silica gel column, and eluted with CHCl 3 -MeOH-H 2 O (7 : 3 : 1, lower phase, 3 l) to give six fractions, which were labeled AqFr1-6. Silica gel column chromatography of AqFr2 (1 g, 600-900 ml) using CHCl 3 -MeOH-H 2 O (75 : 25 : 10, lower phase, 1.5 l) yielded five sub-fractions (AqFr2-1-5). Of these fractions, AqFr2-3 (400 mg, 750-900 ml) was chromatographed by reverse phase ODS (MeOH : H 2 Oϭ5 : 5, 6 : 4, 7 : 3 and 8 : 2, 400 ml) and yielded 3 (15 mg, 200-350 ml). Combined AqFr3 (2 g, 900-1700 ml) and AqFr2-4 (200 mg, 900-1100 ml) were subjected to column chromatography on RP-18 using MeOH : H 2 O (500 ml)ϭ7 : 3 and 8 : 2, respectively, to yield four sub-fractions (AqFr3-1-4). Column chromatography of AqFr3-2 (400 mg, 200-280 ml) by reverse phase ODS using MeOH : H 2 O (300 ml)ϭ7 : 3, yielded 4 (15 mg, 150-200 ml), and that of AqFr3-3 (300 mg, 280-330 ml) by silica gel using CHCl 3 : MeOH : H 2 Oϭ78 : 22 : 10 (500 ml) afforded 5 (10 mg, 230-310 ml). Constituents 5 (20 mg) and 6 (11 mg) of AqFr4 (3 g, 2500-3500 ml) were purified by repeated step-gradient column chromatography over silica gel (CHCl 3 : MeOH : H 2 Oϭ95 : 5 : 10→65 : 35 : 10, 500 ml, retention volumn 6: 1700-2400 ml, 5: 1000-1300 ml), followed by RP-18 column chromatography (MeOH : H 2 Oϭ7 : 3, 500 ml, retention volumn 6: 70-120 ml, 5: 100-180 ml) and finally were recrystallized from MeOH. AqFr5 (1 g, 2400-2700 ml) was purified on silica gel and RP-18 columns, eluted with CHCl 3 -MeOH (8 : 2, 300 ml) and MeOH : H 2 O (7 : 3, 300 ml), respectively, which afforded 7 (15 mg, retention volumn: 150-220 ml and 300-450 ml). Compound 8 was isolated from the n-BuOH fraction of Kalopanax pictus, the overall procedure was described in the previous paper. 
12)
Cytotoxicity SRB (sulforhodamine B) assay, which was developed to measure the protein content of cell cultures, was used to measure the cytotoxic effect of the isolated compounds on tumor cells. The rapidly growing cells, A549 (human lung tumor), SK-OV-3 (human ovarian tumor), SK-MEL-2 (human melanoma), XF498 (human brain tumor) and HCT15 (human colon tumor) were harvested, counted, and inoculated at the appropriate concentrations (1-2ϫ10 4 cells/well) into 96 well microtiter plates. After incubation for 24 h, the compounds (1-8) dissolved in culture medium were applied to the culture wells in triplicate and then incubated for 48 h at 37°C under a 5% CO 2 atmosphere. The cultures were fixed with cold TCA and stained with 0.4% SRB dissolved in 1% acetic acid. After solubilizing the bound dye with 10 mM of unbuffered tris base in a gyratory shaker, the absorbance was measured at 520 nm with a microplate reader. The 50% inhibitory concentration (ED 50 ) was defined as the concentration that reduced the absorbance of the untreated wells by 50% of the control in the SRB assay. 14) Cell Culture and Sample Treatment The RAW 264.7 murine macrophage cell line was obtained from the Korea Cell Line Bank (Seoul, Korea). These cells were grown at 37°C in DMEM medium supplemented with 10% FBS, penicillin (100 units/ml) and streptomycin sulfate (100 units/ml) in a humidified atmosphere of 5% CO 2 . The cells were then incubated with hederagenin monodesmosides at increasing concentrations (5-50 mM) and stimulated with LPS 1 mg/ml for 24 h.
MTT Assay for Cell Viability Cytotoxicity studies were performed in a well plate.
15) RAW 264.7 cells were mechanically scraped and plated at 2ϫ10 5 /well in 96-well plate containing 100 ml of DMEM containing 10% FBS, and then incubated overnight. Isolated compounds (1-8) were dissolved in dimethylsulfoxide (DMSO, the DMSO concentration in all assays did not exceed 0.1%). Twenty-four hours after seeding, 100 ml of new medium or a mixture with a hederagenin monodesmoside was added, and the plates were incubated for another 24 h. Cells were washed once before adding 50 ml of FBS-free medium containing 5 mg/ml of MTT. After 4 h of incubation at 37°C, the medium was discarded and formazan blue, which formed in the cells, was dissolved in 50 ml of DMSO. Optical density was measured at 540 nm. The concentration required to reduce the absorbance by 50% (IC 50 ) versus the control was determined.
Nitrite Assay Nitrite accumulation, an indicator of NO synthesis, was measured in the culture medium by using the Griess reaction. 16) Briefly, 100 ml of cell culture medium was mixed with 100 ml of Griess reagent [equal volumes of 1% (w/v) sulfanilamide in 5% (v/v) phosphoric acid and 0.1% (w/v) naphthylethylenediamine-HCl] and incubated at room temperature for 10 min. The absorbance at 550 nm was then measured in a microplate reader. Fresh culture medium was used as the blank in all experiments. The amount of nitrite in the samples was calculated using a sodium nitrite standard Fig. 1 . Structures of Triterpenes (1, 2) and Triterpenoid Saponins (3-7) Isolated from A. quinata and a Reference Compound (8) curve freshly prepared in culture medium.
RESULTS
Although the cytotoxic effect of the MeOH extract of A. quinata was found to be slight, (ϾIC 50 60 mg/ml), the nBuOH fraction, which is often referred to as the saponin fraction, showed potent activity with an IC 50 exceeding 17-23 mg/ml against the cancer cell lines, except XF498 (IC 50 98 mg/ml). By repeated column chromatography of the saponin fraction, we isolated guaianin N (oleanolic acid 3-
. Oleanolic acid (1) and hederagenin (2) were further isolated after the acid hydrolysis of the nBuOH fraction. All isolated compounds were identified on the basis of mp, [a] D , and by 1 H-and 13 C-NMR.
11 -13) We tested the cytotoxicity of the isolated compounds by SRB assay and further examined their inhibitory effect on the formation of NO in LPS-activated macrophage 264.7 cells by using a nitrite assay. The cytotoxic effect of the compounds against macrophage cells was also measured to determine whether the effect was due to the inhibition of NO formation or to cell death. To obtain more information on the effects of saponins, we included a standard sample of kalopanaxsapo-
The isolated saponins exhibited potent cytotoxicities of more than IC 50 1-8 mg/ml against all of the tested cell lines: A549, SK-OV-3, SK-MEL-2, XF498 and HCT15. Moreover, they exhibited greater cytotoxic effects on SK-OV-3 and HCT15 than on other cell lines. Oleanolic acid (1) and hederagenin (2) belong to the most typical sapogenin in oleananetype triterpene saponins. Hederagenin (IC 50 15-23 mg/ml) was more potent by assay than oleanolic acid (IC 50 62-99 mg/ml), suggesting that the presence of 23-OH enhances the activity of oleanolic acid. 17) However, the cytotoxic effects of saponin 3 (IC 50 4.1-7.5 mg/ml) with oleanolic acid and 4 (IC 50 5.1-7.4 mg/ml) with hederagenin were very similar, which suggests that their cytotoxic effects are attributable not to sapogenins but to sugars. The results shown in Table 2 suggest that the triterpene saponin moiety does not determine the cytotoxicity, but that the oligosaccharides at C-3 of the sapogenin do have an effect.
The cytotoxic effects of compounds 4 and 6 were very similar (4: IC 50 5.1-7.4 mg/ml; 6: IC 50 6.3-8.4 mg/ml). These compounds have the same molecular weight, but a different linkage position between the two sugars. The former has 1→3 linkage and the latter 1→2 linkage. This result indicates that the linkages 1→2 or 1→3 are not crucial for cytotoxicity. The cytotoxic effects of 5 and 6 were as follows: IC 50 1.9-2.7 mg/ml (5) and IC 50 6.3-8.4 mg/ml (6). Compound 5 contains a second sugar, rhamnose, but 6 has glucose in this position. Both compounds have the 1→2 linkage of the sugars and the same sapogenin. This result indicates that the linkage of the second sugar, rhamnose, manifests more potent activity than glucose. The cytotoxic effects of 7 and 8 with additional glucose and xylose as the third sugar, respectively, were lower than 5, suggesting that the third sugar of 7 and 8 may inhibit the potency of kalopanaxsapnin A (5). Compound 5 was the most potent of the tested saponins.
The inhibitory effects of 1-8 on the formation of NO in LPS-activated macrophages was determined by a nitrite assay. Kalopanaxsaponin A was found to have a potent inhibitory effect on the production of nitric oxide by LPS-activated macrophage 264.7 whereas others had NO inhibition IC 50 values that were similar to their cytotoxic IC 50 's. 746 Vol. 27, No. 5 
DISCUSSION
During the isolation of the saponins and the cytotoxic activity tests, we found that oleanane-type triterpene glycosides are quite different from ursane-type triterpene glycosides in terms of their sugar linkages.
18) The former triterpene frequently attaches disaccharides or oligosaccharides to form saponins, whereas the latter hardly forms oligosaccharides, suggesting that the disaccharide in oleanane glycosides is important for the cytotoxicity, although it has exception in the case of retaining uronic acid. Sugars in these triterpenoids may determine the presence or absence of cytotoxicity and perhaps cytotoxic potency.
Our SRB assay results suggest that a-L-rhamnopyranosyl (1-2)-a-L-arabinopyranosyl in kalopanaxsaponin A is the most effective of the tested saponins, regardless of the sapogenin type. Additional sugars in compounds 7 and 8 did not enhance the cytotoxicity of kalopanaxsaponin A. The second sugar, rhamnose, contributed more to the cytotoxicity than glucose. In view of our results and those previously reported, it appears that only the axially attached second sugar
does not play any significant role in cytotoxicity. The present study provides information as to why the saponins of oleanane glycosides contain disaccharides. Moreover, kalopanaxsaponin A with a non-cytotoxic d-hederin moiety has been found to have several biologic effects, e.g., antispasmodic, 19) antileishmanicidic 20) and anti-proliferative activity. 21) One of the significant bioactivities of saponins is their anti-inflammatory effect. Although a number of saponins, as well as their prosapogenins or sapogenins, could be developed as anti-cancer agents from cytotoxicity, anti-inflammatory activity screening of the compounds, benefit could also be expected to follow inducible nitric oxide inhibition. NO has diverse physiological roles and also contributes to the immune defense against viruses, bacteria, and other parasites. However, excessive production of NO is associated with various diseases, including arthritis, diabetes, stroke, septic shock, autoimmune diseases, chronic inflammatory diseases, and atherosclerosis. 22) Only kalopanaxsaponin A was found to have an inhibitory effect on the nitric oxide produced in LPS-activated macrophage 264.7. Other compounds tested, which included saponins with other linkages or other kinds of second sugar, did not show such an effect since their cytotoxic IC 50 's were found to be lower or similar than those of NO inhibition, which indicates that NO inhibitory effects are due to cell death rather than to the inhibition of NO production. Therefore, we suggest that kalopanaxsaponin A is a predominant anti-inflammatory saponin that has the disaccharide structure of a-L-rhamnopyranosyl (1-2)-a-L-arabinopyranosyl.
